Fuller's rose weevil (FRW), Naupactus cervinus, has recently become a pest of kiwifruit in New Zealand because export fruit infested with FRW eggs do not meet Japanese quarantine standards. Studies of FRW population genetics could be useful for: (i) deducing the number and geographic sources of FRW introductions to New Zealand, (ii) matching New Zealand FRW populations with appropriate strains of biological control agents and (iii) differentiating FRW from other closely related species which may be difficult to separate morphologically (especially as larvae). This paper describes preliminary results from sequencing of two gene regions, the ITS1 (internal transcribed spacer) region and the COI (cytochrome oxidase one) gene. These sequences were used to compare FRW from New Zealand, Australia, Hawaii and Chile. The results showed that the COI region would be more useful than ITS1 for future studies of FRW population genetics.
INTRODUCTION
Naupactus cervinus Crotch (Coleoptera: Curculionidae), or Fuller's rose weevil (FRW), is synonymous with Asynonychus cervinus Crotch, A. godmanni Crotch and Pantomorus cervinus (Boheman) (Lanteri 1993; Alonso-Zarazaga & Lyal 1999) . The natural distribution of FRW includes Argentina, Brazil, Paraguay and Uruguay, and it is considered to have been introduced by humans to Chile (Lanteri & Normark 1995) . It has also been introduced to numerous other countries with warm, temperate climates (Chadwick 1965) . The spread of this flightless weevil has probably been facilitated by its parthenogenetic reproduction (Lanteri 1993; Lanteri & Normark 1995) and broad host plant range (May 1979) . It is a pest of kiwifruit in New Zealand because export fruit infested with FRW eggs do not meet Japanese quarantine standards, and it is a pest of citrus in California, Florida and Australia (Madge et al. 1992) .
The cytochrome oxidase one gene (COI) is located in the mitochondrial DNA and is often an informative gene for molecular systematics at lower taxonomic levels (Howland & Hewitt 1995) . The internal transcribed spacer (ITS1) is a variable region flanked by the 18S and 5.8S rDNA genes, which generally provides sufficient nucleotide variation for subspecies separation in insects (Schlotterer et al. 1994; Richards et al. 1997) .
The aim of this study was to assess the utility of nucleotide sequences from the COI and ITS1 gene regions for deducing the number and geographic sources of FRW introductions to New Zealand, matching New Zealand FRW populations with appropriate strains of biological control agents (e.g. Ferrari et al. 2001; Decaestecker et al. 2003) and differentiating FRW from other closely related species which may be difficult to separate morphologically (especially as larvae).
MATERIALS AND METHODS
Single specimens of FRW larvae or adults were obtained from six sites in four countries (Table 1) . 
DNA isolation
For specimens 4761 and 4598 (Table 1) , DNA was isolated from whole specimens using the methods of Vink et al. (2003) . For the remaining specimens, DNA was isolated from the heads using the methods of Richards et al. (1997) .
PCR amplification
The primers TW81 and HITR (Richards et al. 1997) were used to amplify the ITS1 region. The following primers were used to amplify a fragment of COI: for specimen 4761, Mtd6-aethio and Mtd9-aethio (Vink et al. 2003) ; for specimen 4598, Mtd6-curculio (5'…GGRGGWTTTGGAAAYTGAYTARTTCC…3') and Mtd9-curculio (5'…CCNGGDARAATTAAAATRTMWACTTC…3'); and for the remaining specimens, C1-J-1718 and C1-N-2183 (Simon et al. 1994) .
Polymerase chain reactions (PCRs) were conducted in 25 µl volumes containing 0.625 units Thermoprime plus DNA polymerase (ABgene), 2.5 µl Reddy mix (ABgene), 0.5 µl dNTPs (10 mM), 1.0 µl each primer (10 µM) and 2 µl of a 1/10 dilution of isolated DNA. PCRs were performed in a Perkin Elmer thermocycler with cycling of 94ºC (30 s), 50ºC (45 s), 72ºC (1 min), for 30 cycles. A negative, DNA-free control, was included in all runs. Amplified products were visualised on 0.8% agarose gels alongside a 100 bp molecular ladder (Gibco BRL).
Sequencing of PCR products
PCR products were amplified in 50 µl reaction volumes, using 2.6 units of Expand High Fidelity PCR System (Roche), 5 µl 10X buffer with MgCl 2 (Roche), 1 µl dNTPs (10 mM), 2 µl each primer (10 µM) and 4 µl of a 1/10 dilution of isolated DNA. Amplified products were purified using a High Pure PCR Purification Kit (Roche). Sequencing was performed by the Waikato DNA Sequencing Facility (University of Waikato, Hamilton).
Analysis of sequence data
Sequences were aligned using CLUSTAL X (Thompson et al. 1997) . Phylogenetic analyses were conducted using PAUP* 4.0b10 (Swofford 2002) . Data were analysed as unordered characters, no characters were excluded, all characters were equally weighted and gaps were treated as missing characters. Modeltest version 3.06 (Posada & Crandall 1998) was used to select the maximum likelihood parameters with hierarchical likelihood ratio tests. Naupactus dissimulator (Genbank accession no. AF211489) and Naupactus xanthographus (Genbank accession no. AF211491) were used as outgroup taxa for the COI analysis (Sequeira et al. 2000) .
RESULTS
There was no variation within FRW amongst the 392 characters included in the ITS analysis. No sequences could be obtained for other Naupactus species to gauge ITS variation within the genus.
Six COI haplotypes occurred among the six FRW specimens sequenced. Of the 520 characters included in the analysis, six varied due to nucleotide substitutions. The FRW sequences were distinct from those of N. dissimulator and N. xanthographus (Sequeira et al. 2000) . Maximum likelihood analysis resulted in one tree with a score of 1187.2348 (Fig. 1) . 
DISCUSSION
The ITS1 results indicated that this gene region is unlikely to exhibit sufficient FRW intraspecific variation for population studies. Thus, these results differed from those obtained in studies of other insect taxa (e.g. Schlotterer et al. 1994; Richards et al. 1997) . Ongoing efforts to sequence the ITS region from other species in the tribe Naupactini should reveal whether this region will be useful for species discrimination.
The COI results showed this gene region will be useful for discriminating between Naupactus species (Fig. 1) , but it is less certain that it will be useful for studying FRW population genetics since the degree of sequence variation within FRW was small. For example, the sequences from Bay of Plenty (New Zealand) and Chile showed the most variation, but these differed at only 6/520 (1.2%) of sites. In contrast, Normark (1996) found 1.1-7.3% COI sequence divergences within species in the Aramigus tessellatus species complex (also in the tribe Naupactini) collected in Argentina and Uruguay.
If FRW collected from its natural range exhibited variation similar to species in the A. tessellatus species complex (Normark 1996) , then the low COI sequence variation observed in this study would suggest that only a few closely related parthenogenetic lineages have founded the populations in Australia, Chile, Hawaii and New Zealand. Efforts are being made to obtain specimens from within FRW's natural range so that this possibility can be tested. Also, additional specimens collected from the locations included in this study will be sequenced to enable genetic variation within these introduced populations to be gauged.
